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Objectives: To evaluate the prevalence and persistence of snoring during the first two years of life in two
Finnish birth cohorts and to assess the associated factors.
Study design: The study population comprised 947 children from the CHILD-SLEEP (CS) and 1393 chil-
dren from the FinnBrain (FB) birth cohorts. Questionnaires were provided to both parents when the child
was 24 months of age. The questionnaire consisted of parts concerning the child's sleep and environ-
mental factors.
Results: The combined prevalence of habitual snoring in the two birth cohorts at the age of 24 months
was 2.3% (95% CI 1.5e3.1), which is markedly lower than reported previously.
Children suffering from recurrent infections (CS odds ratio (OR) 3.9, 95% CI 1.2e12.5) or asthma (FB OR
4.3, 1.4e13.5) snored habitually more often. Both the mother's (CS OR 3.2, 1.2e9.0) and father's (CS OR
3.4, 1.4e8.0) snoring every night added to the risk of the child snoring. In the multivariate models,
parental snoring (CS adjusted odds ratio (ORa) 2.8, 1.1e6.8), the mother's lower level of education (CS ORa
2.9, 1.2e7.5, FB ORa 2.1, 1.0e4.5), and the mother's lower monthly income (FB ORa 2.9, 1.3e6.3) associated
with the child's habitual snoring.
Conclusions: The prevalence of habitual snoring in two Finnish birth cohorts is lower than reported
previously. The independent risk factors for habitual snoring at the age of two years were the parents'
snoring and the mother's low income and low education.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).asic Nordic Sleep Question-
ex standard deviation score;
Brain; OR, odds ratio; OSA,




r B.V. This is an open access article1. Introduction
Sleep disordered breathing (SDB) covers a range of breathing
problems during sleep, from primary snoring to obstructive sleep
apnea (OSA). Habitual snoring in children is generally defined as
snoring three or more nights per week. The variation in the reported
prevalence among young children is broad. Based on previous
population-based reports, the condition affects approximately
10e20% of children aged 18e48 months [1e3]. However,under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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lower habitual snoring prevalence of 6% among 1471 Finnish
preschool-aged children in a questionnaire survey [4]. This inconsis-
tency may partly be due to the variety in the definition of habitual
snoring or the different prevalence of risk factors for snoring in the
study populations. In addition, there are actual differences in study
samples based on ethnicity. Reported studies on the prevalence of
snoring have mostly focused on school aged children. There is clearly
lesser data available concerning toddlers’ SDB and most of these
studies concern are relatively old or concern infants aged less than one
year [1,3,5e10]. Furthermore, longitudinal studies describing the
persistence and evolution of snoring during early childhood are
infrequent [1,3].
The most common cause of children's snoring and OSA is large
adenoids or tonsils blocking the upper airway. During adolescence,
obesity has an important role in causing obstructive sleep disordered
breathing [11].Whether obesity plays a role in SDB in earlier childhood
needs to be established considering that the number of overweight
young children is increasing. Between the ages of 2 and 6 years, 24% of
boys and 14% of girls are estimated to be overweight in Finland [12].
Snoring and OSA have been associated with a higher frequency of
upper respiratory infections [13] and allergic diseases [14,15] during
childhood. Children with gastroesophageal reflux disease seem to
have a higher risk for snoring [16]. In addition, male sex [2,13,17,18],
parental snoring [17e19], and passive smoking [17,19e21] have been
reported to add to the risk of snoring among infants and toddlers.
The association between snoring and OSA and lower socio-
economic status (SES) has been well established [2,22,23]. In a
Swedish study, a low level of familial income and parental education
increased the risk of SDB [22]. Living in socio-economically disad-
vantaged neighborhoods in New Zealand and Canada added to the
risk of habitual snoring among children under school age [2,23].
Even if snoring corresponds to an intermittent and partial
obstruction of the airway and represents the milder end of the SDB
spectrum, it is not a benign condition. Besides OSA, studies provide
evidence that snoring is also associated with elevated blood pressure
and neurocognitive and behavioral disturbances [2,24e27]. In addi-
tion, Li et al. found that more than one-third of snoring school-aged
children progressed to OSA after a follow-up period of four years [28].
Considering the reported disadvantageous consequences of snoring
already in childhood, it is essential for physicians to ask parents about
snoring and routinely also screen the milder forms of SDB.
Compared to toddlers, the prevalence of habitual snoring during
infancy has been estimated to be somewhat lower, ie, about
5.0e6.6% [9,29,30], although some studies report a prevalence of
9e14% [1,6]. We have previously reported that the prevalence rates
of snoring at the age of three and eight months are as low as 3.2%
and 3.0%, respectively [19]. However, it is not known whether
Finnish children have a persistent low risk for habitual snoring, nor
is it known what causes the low snoring prevalence in Finland. In
addition, the reports of young children's snoring from European
countries are scarce and longitudinal information not available. The
objective of this study was to examine the current prevalence and
persistence of snoring during the first two years of life and the
associated factors. Gathering updated information is highly valu-
able, taking into account the well-characterized changes in the
currency of risk factors for SDB as they may exert direct influences
on the prevalence of snoring as well.
2. Methods
2.1. Study design and population
This study was conducted within two prospective, population-
based birth cohort studies, CHILD-SLEEP (CS) [31] and FinnBrain276(FB) [32]. The original sample was composed of 1679 families from
the CS birth cohort and 3808 families from the FB cohort.
Recruitment of the CS cohort took place in Pirkanmaa Hospital
District, Finland. The study protocol was approved by the Ethics
Committee of Pirkanmaa Hospital District on March 9, 2011
(number R11032). The infants were born between April 2011 and
February 2013. The baseline questionnaire was sent by mail to the
parents before the babies were born, and the follow-up measure-
ments took place at several time points. Questionnaires were pro-
vided to both mothers and fathers. The questionnaire concerning
the child was filled out by the parents together. As the question-
naire was sent only to the Finnish-speaking population, the ethnic
background of the participants is Finnish. The details of the
recruitment procedure have been reported previously [31].
From the CS cohort, 950 families out of 1679 originally
recruited families responded to the 24-month questionnaire
concerning the child health and sleep, yielding a response rate of
56.8%. In 3 (0.3%) cases, the family did not answer the question
about snoring. These cases were excluded from further analysis,
leaving 947 (56.4%) families.
The FB cohort was a population-based sample gathered in
Southwest Finland. A more detailed description of the character-
istics of the sample and the recruitment process have been
described previously [33]. The sample was recruited between
December 2011 and April 2015 at maternal welfare clinics in a
geographically defined area, comprising all women eventually
referred to give birth at Turku University Hospital in the Southwest
Finland Hospital District and the Åland Islands in Finland. The
recruitment took place at the pregnancy ultrasound scan at gesta-
tional week 12. The study inclusion criteria were a sufficient
knowledge of Finnish or Swedish and a normal ultrasound
screening result. Initially, a total of 3808 mothers and 2623 fathers
participated. At the child age of 24 months, 1454 families out of
3808 initially recruited families responded to the 24-months
questionnaire, so the response rate was 38.2%. There were 61
(4.2%) responses missing information on the child's snoring status,
leaving 1393 (36.6%) children in the final sample.
2.2. Questionnaire
In both cohorts, the parents filled in the first questionnaires
before labor. In the CS cohort, the follow-up questionnaire was sent
to the families when the child was three months, eight months, and
24 months old. The time points for the follow-up questionnaires in
the FB cohort were six, 12, and 24 months after the child was born.
The questionnaire consisted of parts concerning the child's sleep
and environmental factors that may affect sleep.
The sleep questionnaires included questions from four screening
tools: the Basic Nordic Sleep Questionnaire (BNSQ) [34], the Brief
Infant Sleep Questionnaire [35], the Infant Sleep Questionnaire [36],
and the Sleep Disturbance Scale for Children (SDSC) [37].
The SDSC [37] is a rating scale developed for the evaluation of
sleep disorders in children. This questionnaire is divided into six
subscales, including disorders of initiating and maintaining sleep,
sleep-disordered breathing, disorders of arousal/nightmares,
sleepewake transition disorders, disorders of excessive somno-
lence, and sleep hyperhidrosis. In the CS cohort, the questionnaires
at every measurement point included the SDSC scale. In the FB
cohort, only the 24-month questionnaire comprised the questions
of the SDSC scale.
To assess sleep-disordered breathing, we used questions from
the SDSC scale's sleep disordered subscale. The answer options
were always (daily), often (3e5 times per week), sometimes (once or
twice per week), occasionally (once or twice per month or less), and
never. In the analyses, we combined the frequency of snoring into a
Fig. 1. Parent-reported snoring prevalence (%) for 24-month-old children. The bars
display standard errors.
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three nights per week, versus the others.
The total sleep time was calculated from the answers of the
following questions: “What time does your child fall asleep?” and
“What time does your child wake up?” The question “Has your child
had recurrent infections?” was included in the 24-month ques-
tionnaire in both cohorts. This questionwas applied as a method to
determine the children suffering from recurrent infections, because
no absolute consensus exists on the number of infections per year
that would define recurrent infections [38]. The frequency of par-
ents’ snoring was gathered from the questions of the BNSQ at the
end of the pregnancy.
There were some variations in the questionnaires of the CS and
FB cohorts. Information on whether the child was being breastfed
or having only formula was available from the first three months of
life in the CS cohort and the first four months in the FB cohort. In
the CS cohort, we compared those parents who answered smoking
today or less than six months ago in the 24-month questionnaire to
those who had last smoked more than six months ago or had never
smoked. In the FB cohort, we had information on whether the
parent was smoking when the child was one year old. This infor-
mation on smoking was gathered only from a subsample
comprising 275 mothers and 168 fathers. In the CS cohort, the
parental monthly incomewas inquired at the end of the pregnancy,
whereas in the FB cohort, the information was gathered at the
beginning of the pregnancy. Information on the parents’ BMI was
available from the 24-month questionnaire in the CS cohort and the
12-month questionnaire in the FB cohort.
2.3. Growth
The growth charts were collected from well-baby clinics. The
bodymass index standard deviation score (BMI-SDS) at the child age
of two years was calculated based on Finnish growth references [39].
We used standardized Finnish classifications of overweight and
obesity based on BMI-SDS information and combined classes into the
dichotomy as follows: children with obesity or severe obesity versus
overweight, normal weight, or underweight children [39].
2.4. Statistical analysis
Frequency analyses were performed first separately for both
birth cohorts. We reported prevalence rates with 95% confidence
intervals separately for the two cohorts and jointly. We also
analyzed longitudinally the prevalence of persistent snoring. There
were 856 children in the CS cohort with complete data on snoring
from all three measurement points at three, eight, and 24 months.
The positive and negative predictive values were calculated to
evaluate the probability of snoring at eight and 24months based on
the child's snoring status at the age of three months. Next, we
evaluated how snoring was related to parent-reported background
factors. The comparisons were based on t-tests or the chi-squared
test depending on the type of variable to be analyzed. The first
logistic regression model was constructed in order to study which
of the risk factors were significantly related to snoring when con-
trolling for the children's age, sex, prevalence of asthma, and
recurrent cycle of infections. The second model included the first
model plus the maternal smoking status.
3. Results
The prevalence rates of snoring at the age of two years are
shown in Fig. 1.
In the CHILD-SLEEP birth cohort, the prevalence of habitual
snoring was 2.4% (95% CI 1.6e3.2). There were five children snoring277every night based on the parental report. Some 9.2% (7.7e10.7) of
the children snored at least weekly. There were 615 (64.9%,
61.9e67.9) children not snoring at all. In the FinnBrain cohort, the
snoring prevalence was as low as in the CS cohort (Fig. 1). There
were 31 children (2.2%, 1.4e3.0) snoring habitually, and only six of
them snored every night. The prevalence of weekly snoring in the
FB cohort was 8.3% (6.9e9.8). There were 905 children (65.0%,
62.5e67.5) who did not snore at all at the age of two years.
The combined prevalence of habitual snoring in these two birth
cohorts was 2.3% (1.5e3.1).
In the CS cohort, there were 856 children whose SDSC scaling
was available for every measurement point (see Fig. 2).
There were only six children (0.7%) snoring habitually
throughout the first two years of life, ie, at the age of three, eight,
and 24 months. Some 2.5% of the children (N ¼ 21) snored at least
once a week at all three measurement points. Of the 23 habitually
snoring children, almost all had snored already previously. Only
two children snored for the first time at 24 months. The remainder
of the two-year-old habitual snorers snored at least occasionally at
one or two additional measurement points. Of the 856 children,
47.0% (N ¼ 402) did not snore at any measurement point.
When the infant snored at the age of three months, the positive
predictive value of snoring at eight and 24 months was 84.6%
(56.6e95.9) and 63.6% (37.1e83.8), respectively. The children not
snoring at all during infancy seemed to have a persistent low risk
for habitual snoring subsequently, as the negative predictive values
were 98.3% (97.2e99.0) at eight months and 98.3% (96.8e99.2) at
24 months.
The associations of selected background factors and snoring are
shown in Tables 1 and 2.
The parents reported six children with chronic illnesses poten-
tially affecting the snoring status in the CS cohort [Goldenhar
syndrome, Down syndrome, cleft palate, craniosynostosis, devel-
opmental disability (N ¼ 2)] and nine children in the FB cohort
(Beckwith-Wiedemann syndrome, Kabuki syndrome, Malan syn-
drome, Turner syndrome, Poland syndrome, laryngomalacia, sca-
phocephaly, tp63 gene mutation, neurometabolic syndrome). All
the analyses were carried out excluding the childrenwith illnesses,
and the results remained virtually the same.
There were no statistically significant differences in the age,
weight, height, BMI-SDS, gestational age, or total sleep time based
on the parental reports between the habitually snoring children
and the other children in either cohort. When analyzing the di-
chotomies “overweight” and “obesity” in the CS cohort, there was
no significant difference between the weight status of snorers and
the controls. However, in the FB cohort, there was a significantly
Fig. 2. Snoring at the age of 24 months (N ¼ 856) and evolution of parent-reported snoring during the first two years of life in the CS cohort.
Table 1
The associations of parent-reported child's background factors and snoring.










Mean SD Mean SD Mean SD Mean SD
Age (yrs) 2.06 0.12 2.10 0.14 0.109 2.05 0.05 2.05 0.04 0.687
Weight (kg) 12.35 1.90 12.65 1.89 0.483 12.67 1.47 13.06 1.85 0.164
Height (cm) 86.61 6.26 87.25 5.45 0.652 87.81 3.67 88.12 3.21 0.664
BMI 16.37 1.29 16.55 1.44 0.550 16.41 1.45 16.86 1.87 0.116
BMI-SDS 0.07 1.06 0.26 1.06 0.505 0.10 1.10 0.36 1.32 0.214
Gestational age (wk) 40.03 1.27 39.88 1.06 0.607 39.75 1.65 39.76 1.67 0.976
Total sleep time (hr) 11.87 0.87 11.65 1.01 0.238 10.71 0.87 10.85 0.83 0.369
n % n % OR (95% CI) p-value n % n % OR (95% CI) p-value
Male sex 486 52.6 13 56.5 1.17 (0.51e2.69) 0.833 728 53.5 23 74.2 2.46 (1.11e5.46) 0.028
Overweight 120 13.0 4 17.4 1.41 (0.47e4.22) 0.528 277 20.3 7 22.6 1.14 (0.49e2.68) 0.821
Obesity 21 2.3 1 4.3 1.96 (0.25e15.18) 0.421 54 4.0 6 19.4 5.81 (2.29e14.76) 0.002
Only formula in the first monthsa 98 10.6 5 21.7 2.34 (0.85e6.45) 0.095 48 3.5 2 6.5 1.89 (0.44e8.14) 0.307
Use pacifier at the age of two years 182 19.7 5 21.7 1.11 (0.41e3.05) 0.792 NA
Milk allergy 30 3.2 2 8.7 2.72 (0.67e11.12) 0.180 NA
Other allergy 63 6.8 3 13.0 2.00 (0.61e6.57) 0.212 NA
Allergic rhinitis NA 14 1.0 1 3.2 3.14 (0.46e21.59) 0.282
Atopic dermatitis NA 289 21.1 11 35.5 1.89 (0.92e3.90) 0.085
Asthma 16 1.7 1 4.3 2.48 (0.36e17.40) 0.344 31 2.3 3 9.7 4.30 (1.37e13.50) 0.037
Recurrent cycle of infections 32 3.5 3 13.0 3.91 (1.22e12.54) 0.049 151 11.1 4 12.9 1.20 (0.41e3.48) 0.769
Gastroesophageal reflux 15 1.6 0 0 NA 1.000 8 0.6 1 3.2 5.64 (0.68e46.54) 0.184
BMI¼ bodymass index; BMI-SDS¼ bodymass index standard deviation score; CS¼CHILD SLEEP; FB¼FinnBrain; NA¼ not available. Bold font indicates statistical significance.
a CS the first three months of life, FB the first four months.
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4.0%, OR 5.8, 95% CI 2.3e14.8, p ¼ 0.002).
In the FB cohort, there were more boys in the group of habitual
snorers compared to children snoring less (74.2% vs. 53.5%, OR 2.5,
1.1e5.5, p ¼ 0.028). In the CS cohort, a recurrent cycle of infections
was distinctly more common in the snorer group (3.5% vs. 13.0%, OR
3.91, 1.22e12.54, p ¼ 0.049). Correspondingly in the FB cohort, there
were proportionately more children suffering from asthma among
habitual snorers (9.7% vs. 2.3%, OR 4.30, 1.37e13.50, p ¼ 0.037).
In the FB cohort, the fathers of habitually snoring children had a
higher BMI compared to fathers in the control group (27.95 vs.
25.97, p ¼ 0.043). Between the snoring group and the controls,
there was no statistically significant difference in the mothers' BMI
in both cohorts nor in the fathers’ BMI in the CS cohort.278In the CS cohort, the mother's (21.7% vs. 7.9%, OR 3.24,
1.17e8.97, p ¼ 0.034) and father's (39.1% vs. 15.9%, OR 3.40,
1.44e8.00, p ¼ 0.007) snoring every night was significantly
more common in the habitual snorer group. In the group of
habitual snorers in the CS cohort, there was more often
someone smoking in the family (43.5% vs. 22.6%, OR 2.63,
1.14e6.09, p ¼ 0.041).
In both birth cohorts, the educational level of mothers in the
snorer group was more frequently lower compared to the mothers
in the control group (43.5% vs. 20.3%, CS OR 3.01, 1.30e6.97,
p¼ 0.016, FB 48.4% vs. 26.75%, OR 2.57, 1.26e5.25, p¼ 0.013). In the
FB cohort, the mother's monthly income was more often below
2000 euros (35.5% vs. 14.3%, OR 3.29, 1.55e6.98, p ¼ 0.003) in the
habitual snorer group.
Table 2
The associations of parent-reported family background factors and snoring.










Mean SD Mean SD Mean SD Mean SD
Mothers' BMI (kg/m2)a 24.59 4.31 25.70 4.88 0.221 24.66 5.14 25.72 5.66 0.300
Fathers' BMI (kg/m2)a 26.16 3.52 26.89 2.54 0.436 25.97 3.78 27.95 6.22 0.043
n % n % OR (95% CI) p-value n % n % OR (95% CI) p-value
Maternal snoring every night 73 7.9 5 21.7 3.24 (1.17e8.97) 0.034 116 8.5 3 9.7 1.15 (0.35e3.84) 0.744
Paternal snoring every night 147 15.9 9 39.1 3.40 (1.44e8.00) 0.007 112 8.2 5 16.1 2.15 (0.81e5.70) 0.176
Maternal smoking during pregnancy 40 4.3 3 13.0 3.32 (0.94e11.68) 0.082 157 11.5 7 22.6 2.24 (0.95e5.28) 0.082
Paternal smoking during pregnancy 240 26.0 8 34.8 1.52 (0.37e3.63) 0.342 225 16.5 6 19.4 1.21 (0.49e2.99) 0.628
Smoking in the family during previous
6 months or at the age of one yearb
209 22.6 10 43.5 2.63 (1.14e6.09) 0.041 74 5.4 2 6.5 1.20 (0.28e5.13) 0.685
Maternal lower level of education 188 20.3 10 43.5 3.01 (1.30e6.97) 0.016 364 26.7 25 48.4 2.57 (1.26e5.25) 0.013
Paternal lower level of education 283 30.6 10 43.5 1.74 (0.76e4.02) 0.252 364 26.7 7 22.6 0.80 (0.34e1.87) 0.686
Maternal monthly income < 2000 Vc 621 67.2 18 78.3 1.78 (0.65e4.78) 0.368 195 14.3 11 35.5 3.29 (1.55e6.98) 0.003
Paternal monthly income < 2000 Vc 312 33.8 12 52.2 2.14 (0.93e4.91) 0.076 258 18.9 5 16.1 0.82 (0.31e2.16) 0.820
BMI ¼ body mass index; CS¼CHILD SLEEP; FB¼FinnBrain. Bold font indicates statistical significance.
a CS when the child was two years old, FB when the child was one year old.
b FB information from 275 mothers and 168 fathers, CS previous 6 months, FB when the child was one year old.
c CS at the end of pregnancy, FB at the beginning of pregnancy.
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After controlling for age, sex, prevalence of asthma, and recur-
rent infections in the logistic regression models, parental snoring,
the mother's lower level of education, and the mother's lower in-
come associated with the child's habitual snoring (see Table 3).
In the CS cohort, parental snoring every night (ORa 2.75, 95% CI
1.11e6.78, p ¼ 0.028) added to the risk of habitual snoring after
adjustment. In the FB cohort but not in the CS cohort, the associ-
ation of the mother's lower income and the child's habitual snoring
remained statistically significant in the multivariable model (CS
ORa 2.12, 0.70e6.47, p ¼ 0.182, FB ORa 2.88, 1.31e6.34, p ¼ 0.009).
Considering that the educational level (CS 38.3% vs. 22.3%,
p < 0.001, FB 51.3% vs. 26.5%, p ¼ 0.001) and monthly income (CS
79.9% vs. 67.3%, p ¼ 0.004, FB 38.5% vs. 14.1%, p < 0.001) of smoking
mothers were more often lower compared to non-smoking
mothers in both cohorts, we added the maternal smoking status
into the secondmodel. In the CS cohort parents' snoring every night
(ORa 3.66, 1.34e10.01, p ¼ 0.011) and mother's lower level of edu-
cation (ORa 2.78, 1.01e7.65, p ¼ 0.048) remained significantly
related to the child's snoring. In the FB cohort, the association of
mothers' lower income and the child's habitual snoring wasTable 3
The adjusted risk for snoring of parent reported background factors.
Child sleep N ¼ 947
ORa 95% CI
Model 1a
Parental snoring every night 2.75 1.11e6.78
Maternal lower level of education 2.93 1.15e7.46
Maternal monthly income <2000 V 2.12 0.70e6.47
Model 2b
Parental snoring every night 3.66 1.34e10.01
Maternal lower level of education 2.78 1.01e7.65
Maternal monthly income <2000 V 1.48 0.41e5.36
Bold font indicates statistical significance.
a Age, gender, recurrent cycle of infections and diagnosis of asthma controlled for.
b Age, gender, recurrent cycle of infections, diagnosis of asthma and mother's smokin
279statistically significant in the second model as well (ORa 2.82,
1.27e6.23, p ¼ 0.011), see Table 3.4. Discussion
Our results show that the prevalence of habitual snoring in
Finland was lower than reported previously in other countries. The
combined prevalence of habitual snoring in the two large birth
cohorts was 2.3%, and the prevalence rates were virtually identical
in both populations: 2.4% in the CHILD-SLEEP cohort and 2.2% in the
FinnBrain cohort. In the CS cohort, the children not snoring at all
during infancy had a persistent low risk for habitual snoring during
the first two years of life. Habitual snoring was associated with
several health and environmental factors such as parents' snoring,
mother's lower socioeconomic status (SES), child's exposure to
smoking, recurrent respiratory infections and asthma. Many of
these factors can be altered and may provide important means to
diminish the risk of the child snoring.
The reason for the low prevalence of habitual snoring among
Finnish infants [19] and toddlers in our cohorts is not known. Since
breastfeeding is known to protect from snoring [1,19,40,41], theFinnBrain N ¼ 1393
p ORa 95% CI p
0.028 1.90 0.79e4.55 0.151
0.024 2.14 1.01e4.51 0.047
0.185 2.88 1.31e6.34 0.009
0.011 1.84 0.76e4.44 0.175
0.048 2.09 0.99e4.44 0.054
0.552 2.82 1.27e6.23 0.011
g status controlled for.
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of this low snoring prevalence among infants.
Furthermore, in both our birth cohorts, the parents were rela-
tively highly educated. Lower SES [2,22] is a risk factor for childhood
snoring that has been identified in previous studies. In the CS cohort,
themother's lowermonthly incomeassociatedwithhabitual snoring
at two years. In addition, in both cohorts a lower maternal educa-
tional levelwas significantly related to the toddler's habitual snoring.
We hypothesize that the low prevalence of snoring is connected to
the fact that both of our cohorts are skewed toward higher socio-
economic classes. In line with this, Bonuck et al. reported a higher
prevalence of snoring [1] where the proportion of mothers with
lower education was considerably higher (62.3%) compared to our
study populations (CS 20.9%, FB 27.2%). When we stratified the
sample according to education, we found that the prevalence of
snoring was 5.1% in the CS and 4.0% in the FB cohort in families with
lower maternal education. These figures are somewhat closer to
those reported previously, albeit at the lower end of the spectrum.
In addition, another explanation for the unexpectedly low
prevalence of snoring among Finnish children could be the some-
what pure outdoor air, given the evidence that air pollution may
affect the incidence of sleep-disordered breathing in children
[42,43]. Further research is undoubtedly needed to clarify the
background of the distinct SDB prevalence in different countries.
The first-line therapy for OSA in childhood is adenotonsillec-
tomy. In our study population, adenoidectomy was performed in
nine children in the CS cohort. None of these children were in the
group of habitual snorers at the age of two years. In the FB cohort,
there were 20 children who had had their adenoids removed, all of
whom were in the group with no reported habitual snoring at 24
months. There was one child alone who snored habitually regard-
less of adenoidectomy. If we assume that all these aforementioned
children would have snored without adenoidectomy, the preva-
lence of habitual snoring would have been 3.4% in the CS and 3.7%
in the FB cohort. Even in this scenario, Finnish toddlers to date seem
to snore markedly less than reported previously.
There are multifactorial mechanisms including environmental
factors and genetic aspects behind childhood snoring. Additionally
to socioeconomic status and environmental air quality, snoring in
the family is awell-known risk factor for children's snoring [17e19]
and these factors were established in our present study as well. In
the CS cohort, parental snoring associated significantly with the
toddler's habitual snoring. Inherited anatomic factors that deter-
mine facial structure and body composition explain the tendency to
snore in some families. In addition, obesity runs in the family.
The high frequency of upper respiratory infections is a risk factor
for snoring [13], and we found the same association in our study in
the CS cohort, where children with a recurrent cycle of infection
snored more often habitually compared to children without cyclic
infections. However, the same association was not seen in the FB
cohort. The prevalence of recurrent infections was markedly low
(3.7%) in the CS cohort, considering that approximately 10% of
children aged under two years are estimated to suffer from
frequent infections [44]. In the FB cohort, the prevalence of recur-
rent infections was 11%. The more specific phenotype of these
children with recurrent respiratory infections in the FB cohort has
been reported previously [45]. Most of the children with cyclic
infections had more than five respiratory infections before 2 years
of age (77% vs. 16%) and more frequent antibiotic treatments
compared to the comparison group in the FB cohort. In the CS
cohort, information on antibiotic treatments was not available.
Some 51% of the children with a recurrent cycle of infection had
more than five infections. In total, a substantially limited propor-
tion of children in the CS cohort had had more than five infections
compared to the children in the FB cohort (4.8% vs. 26%) based on280parental reports. The underlying reason for this difference remains
unknown along with the lacking association of recurrent infections
and children's snoring in the FB cohort.
Despite the absent association between infections and snoring,
the diagnosis of asthma associated with habitual snoring in the FB
cohort. Since the diagnosis of asthma is usually made based on a
history of recurrent wheezing during respiratory infections, we
think that the association of snoring and asthma in the FB cohort
might reflect the association of snoring and cyclic infections in the
CS cohort. However, the number of children with a diagnosis of
asthma in both cohorts was rather low, so it is troublesome to
establish the statistical significance.
Some studies have reported a higher incidence of snoring in
boys compared to girls [13,17]. In the FB cohort, there were signif-
icantly more boys among the group of habitual snorers, but we did
not find the same difference in the CS cohort. In our study, this can
be explained by the fact that boys in the FB cohort were signifi-
cantly more often overweight or obese than girls (25.4% vs 14.5%,
OR 1.51, 1.27e1.80, p < 0.001). In the CS cohort the prevalence of
overweight was somewhat lover (15.0% in boys and 11.0% in girls).
The protective effect on female gender concerning childhood
snoring remains to be established in further studies.
A meta-analysis of 24 studies among children indicates that
tobacco smoke exposure increases the risk of habitual snoring [46].
The specific pathways bywhich exposure to tobacco smoke induces
snoring are not known. It has been hypothesized that upper airway
inflammation caused by chronic irritant exposure could be one
explanation. In the CS cohort, the children of smoking parents
snored habitually significantly more often compared to children
living in smoke-free families. This association could serve as a
supplementary tool for healthcare workers to be used in counsel-
ling and encouraging parents to quit smoking.
Previous longitudinal studies concerning snoring during early
childhood are scarce. During the first two years of life, the preva-
lence of habitual snoring remained low among Finnish children in
the CS cohort. The children not snoring at all during infancy seemed
to have a persistent low risk for habitual snoring subsequently at
the age of eight and 24 months, and vice versa. Overall, as many as
half of the children (47%) in the CS cohort did not snore at any
measurement point.
Despite the paucity of longitudinal information regarding tod-
dlers’ habitual snoring, there is a reasonable amount of data that
parent-reported snoring may represent multiple phenotypes.
Kamal et al. [16] reported four different SDB symptom trajectories
up to two years of age; no-SDB, early SDB, late SDB, and persistent
SDB. In every trajectory, they found different risk factors for SDB
symptoms. Rhinitis and prior day-care seemed to add to the risk of
snoring, daytime sleepiness, and attention deficit hyperactivity
disorder symptoms in all trajectories. In addition, Freeman and
Bonuck [47] defined five clusters during childhood; early snoring,
early apnea, late snoring and mouth-breathing, normal, and all SDB
after infancy. Children in the clusters of early snoring and early
apnea alone developed the symptoms during the first two years of
life. Some 50% of children were classified in the normal cluster, and
these families were characterized by higher SES and a lower
prevalence of smoking by the mothers.
The various phenotypes of SDB symptoms and the different risk
factors in each cluster can explain the differences in the associa-
tions with habitual snoring in the CS and FB cohorts. Since the
amount of habitually snoring children in our birth cohorts was
limited (CS N ¼ 23, FB N ¼ 31) due to the low snoring prevalence,
the evaluation of different phenotypes in our study population was
not possible. Considering the low prevalence of snoring during
early childhood in Finland, it would be interesting to study these
phenotypes in a case control study in the future.
M. Katila, O. Saarenp€a€a-Heikkil€a, M.-T. Saha et al. Sleep Medicine 84 (2021) 275e282This study is based on comprehensive questionnaire surveys
from two large birth cohorts, the CS (N ¼ 947) and the FB
(N ¼ 1393). Further along in the CS cohort, we report the longitu-
dinal aspect of snoring during early childhood. Comparable to our
previous study covering snoring in infancy, the number of habitual
snorers remained small in this study, and even larger samples or
caseecontrol study settings are needed in the future.
Polysomnography is considered to be the gold standard for
diagnosing sleep disorders, and the absence of an objective mea-
surement of snoring is a limitation in a community-based survey
study. However, in this kind of large cohort study, overnight sleep
recording is remarkably difficult to accomplish. We used stan-
dardized scales to assess the children's snoring in the question-
naires. As the snoring prevalence was practically identical in the
two independent cohorts, we assume that the result of our study
demonstrates rather accurately the prevalence of snoring among
children in Finland.
In conclusion, our study suggests that the prevalence of habitual
snoring among Finnish toddlers is notably lower (2.3%) than re-
ported previously. Furthermore, risk for habitual snoring remained
low from infancy to toddlerhood. Screening and administering
preventive interventions for risk factors for snoring in early child-
hood may apply a tool to reduce the well-documented negative
health consequences of SDB in later life.
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